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(57) ABSTRACT

An apparatus for processing graphics primitives for display
includes rasterization, depth testing, and rendering circuitry.
The depth testing circuitry determines if a selected graphics
fragment would be obscured when displayed by comparing
a depth comparison function and a depth value associated
with the selected graphics fragment with a stored depth
value. The depth testing circuitry suppresses rendering
operations for the fragment if the selected fragment would
be obscured. An update indication shows a possible change
direction due to the updating for a stored depth value which
depends on a received depth comparison function. The depth
testing for the selected fragment is performed using the
possible change direction shown by the update indication to
modify the depth comparison function to allow for updating
of the stored depth value by the rendering operations.

19 Claims, 7 Drawing Sheets
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1
EARLY DEPTH TESTING IN GRAPHICS
PROCESSING

This application claims priority to GB 1317703.5 filed 7
Oct. 2013, the entire contents of which is hereby incorpo-
rated by reference.

FIELD OF THE INVENTION

The present invention relates to graphics processing. In
particular it relates to performing depth testing in graphics
processing to determine if a graphics fragment would be
obscured by at least one other graphics fragment when
displayed.

BACKGROUND OF THE INVENTION

Contemporary graphics processing systems are com-
monly arranged in a pipelined fashion, in which specialised
tasks are carried out by sequential elements of the pipeline.
For example, it is known for a graphics processing apparatus
to receive its input in the form of basic components known
as graphics primitives, usually in the form of simple poly-
gons, such as triangles. At a very general level, these
graphics primitives are then passed through two main pro-
cessing stages, namely a rasterization stage and a rendering
stage (with which the skilled person is familiar and are
therefore not described in detail here). The rasterization
stage results in graphics fragments, each graphic fragment
representing a limited number of sampling points used to
represent the graphics primitive from which that graphics
fragment derives. The subsequent rendering process then
determines the display characteristics for each graphics
fragment, for example its colour and relative transparency.
Following the rendering process, the rendered graphic frag-
ments are output for display, for example, via accumulation
in a display buffer.

A known part of such a graphics processing pipeline is
“depth testing”, wherein a selected graphics fragment is
examined to determine if it would be obscured by at least
one other graphics fragment in the final display. Since it is
clearly only necessary to display those graphics fragments
which will be (at least partially) visible to the viewer of the
display, any graphics fragments which are determined to be
fully obscured can be eliminated from the graphics process-
ing.

Such depth testing is often configured to take place after
the rendering stage because it is often only at that point in
the graphics pipeline that it can be finally determined if a
given graphics fragment will be obscured, due to certain
display characteristics (such as transparency) only becoming
available after the rendering stage. This may not only be due
to the required information not being available for that
graphics fragment itself, but can also be because the required
information for another graphics fragment at the same
display location not yet being available. It is however
advantageous to perform the depth testing as early in the
graphics processing pipeline as possible, because of the
opportunity it provides to avoid unnecessary processing of
graphics fragments which will ultimately not be displayed.
In particular, a great deal of the processing which must be
carried out for the graphics fragments takes place at the
rendering stage (also known as the shader pipeline) and it
would therefore be preferable to perform depth testing
before entering the shade of pipeline.
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Such “early” depth testing is therefore sometimes per-
formed, however it is limited to those cases where the
required information is already available.

Some background information relating to (early) depth
testing can be found in the commonly assigned U.S. patent
application Ser. No. 13/907,550, the entire contents of which
are incorporated herein by reference.

Nevertheless, given the intensity of processing carried out
for each graphics fragment in the shader pipeline, it would
be desirable to improve the opportunities to perform early
depth testing.

SUMMARY OF THE INVENTION

Viewed from a first aspect, the present invention provides
an apparatus for processing graphics primitives for display,
comprising, in sequence: rasterization circuitry, depth test-
ing circuitry and rendering circuitry, the rasterization cir-
cuitry configured to perform rasterization operations on the
graphics primitives to generate graphics fragments; the
depth testing circuitry configured to perform depth testing
with respect to a selected graphics fragment of the graphics
fragments to determine if the selected graphics fragment
would be obscured by at least one other graphics fragment
when displayed by comparing a depth comparison function
and a depth value associated with the selected graphics
fragment with a stored depth value associated with a display
location for the selected graphics fragment; and the render-
ing circuitry configured to receive the graphics fragments
and to perform rendering operations on the graphics frag-
ments, wherein the depth testing circuitry is configured to
suppress the rendering operations with respect to the
selected graphics fragment if the depth testing indicates that
the selected graphics fragment would be obscured, wherein
the rendering operations performed by the rendering cir-
cuitry cause updating of stored depth values associated with
display locations for at least some graphics fragments,
wherein the depth testing circuitry is configured to store an
update indication in dependence on a received depth com-
parison function, wherein the update indication shows a
possible change direction due to the updating for a stored
depth value which depends on that received depth compari-
son function, and wherein the depth testing circuitry is
configured to perform the depth testing with respect to the
selected graphics fragment using the possible change direc-
tion shown by the update indication to modify the depth
comparison function to allow for the updating of the stored
depth value by the rendering operations.

Viewed from a second aspect the present invention pro-
vides a method of processing graphics primitives for display,
comprising, in sequence: a rasterization step, a depth testing
step and a rendering step, the rasterization step comprising
performing rasterization operations on the graphics primi-
tives to generate graphics fragments; the depth testing step
comprising performing depth testing with respect to a
selected graphics fragment of the graphics fragments to
determine if the selected graphics fragment would be
obscured by at least one other graphics fragment when
displayed by comparing a depth comparison function and a
depth value associated with the selected graphics fragment
with a stored depth value associated with a display location
for the selected graphics fragment; and the rendering step
comprising receiving the graphics fragments and to perform
rendering operations on the graphics fragments, wherein the
depth testing step is configured to suppress the rendering
operations in the rendering step with respect to the selected
graphics fragment if the depth testing indicates that the
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selected graphics fragment would be obscured, wherein the
rendering operations cause updating of stored depth values
associated with display locations for at least some graphics
fragments, wherein the depth testing step comprises storing
an update indication in dependence on a received depth
comparison function, wherein the update indication shows a
possible change direction for a stored depth value which
depends on that received depth comparison function, and
wherein the depth testing in the depth testing step is per-
formed with respect to the selected graphics fragment using
the possible change direction shown by the update indication
to modify the depth comparison function to allow for
updating of the stored depth value by the rendering opera-
tions.

Viewed from a third aspect the present invention provides
an apparatus for processing graphics primitives for display,
comprising, in sequence: means for performing rasterization
operations on the graphics primitives to generate graphics
fragments; means for performing depth testing with respect
to a selected graphics fragment of the graphics fragments to
determine if the selected graphics fragment would be
obscured by at least one other graphics fragment when
displayed by comparing a depth comparison function and a
depth value associated with the selected graphics fragment
with a stored depth value associated with a display location
for the selected graphics fragment; and means for perform-
ing rendering operations on the graphics fragments, wherein
the means for performing depth testing is configured to
suppress the rendering operations by the means for perform-
ing rendering with respect to the selected graphics fragment
if the depth testing indicates that the selected graphics
fragment would be obscured, wherein the rendering opera-
tions cause updating of stored depth values associated with
display locations for at least some graphics fragments,
wherein the means for performing depth testing is config-
ured to store an update indication in dependence on a
received depth comparison function, wherein the update
indication shows a possible change direction for a stored
depth value which depends on that received depth compari-
son function, and wherein the depth testing is performed
with respect to the selected graphics fragment using the
possible change direction shown by the update indication to
modify the depth comparison function to allow for updating
of the stored depth value by the rendering operations.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described further, by way of
example only, with reference to embodiments thereof as
illustrated in the accompanying drawings, in which:

FIG. 1 schematically illustrates the functional steps of a
graphics processing apparatus in one embodiment;

FIG. 2 schematically illustrates the obscuration in display
of one displayed object by another;

FIG. 3 schematically illustrates the subdivision of a tile of
pixels into 2x2 “quads” of pixels;

FIG. 4 schematically illustrates an early depth testing unit
and shader pipeline in one embodiment;

FIG. 5 shows a table indicating the translation of a
received depth comparison function into a 2-bit current
update indication in one embodiment;

FIG. 6 shows a table giving the interpretation of a 2-bit
stored update indication in one embodiment; and

FIG. 7 schematically illustrates a sequence of steps which
may be taken in the method of one embodiment.

DESCRIPTION OF EMBODIMENTS

According to the present techniques, the apparatus com-
prises rasterization circuitry, depth testing circuitry and
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4

rendering circuitry in sequential order. Note therefore that
the depth testing circuitry precedes the rendering circuitry
and therefore the apparatus is configured (where possible) to
perform early depth testing.

A graphic fragment which is received by the depth testing
circuitry from the rasterization circuitry will generally be
accompanied by a depth comparison function which indi-
cates how the depth testing is to be performed. For example,
the depth comparison function may be “is greater than”,
meaning that if a depth value associated with this graphics
fragment is greater than the depth values associated with
other graphics fragments at this display location, then the
graphics fragment should be displayed (for example because
it forms part of a graphics primitive which is intended to be
displayed at the front with respect to the viewer). Accord-
ingly, the apparatus stores depth values associated with each
display location (for example in a dedicated buffer) against
which the depth value associated with a particular graphics
fragment may be compared (using its associated depth
comparison function).

However, an issue which previously has prevented early
depth testing from being carried out is that the stored depth
value associated with a given display location may not be
“final”, in that it may yet be updated by other graphics
fragments which are currently being processed in the shader
pipeline.

However, the present techniques allow some early depth
testing to be carried out, even though it is known that the
stored depth value associated with a display location for a
current graphics fragment has pending updates, in that it is
known that at least one other graphics fragment associated
with this display location has entered the rendering circuitry
and the rendering operations being performed by the ren-
dering circuitry may cause the stored depth value to be
updated. This is made possible by the storage of an update
indication in the depth testing circuitry which indicates how
a stored depth value may change due to the pending updates,
in particular due to the processing operations being per-
formed by the rendering circuitry. The possible change
direction depends on the depth comparison function asso-
ciated with the graphics fragment(s) for which the updates
are pending. For example, where the depth comparison
function seen has been “is greater than™ although it is not
known whether the pending update(s) will in fact change the
stored depth value, it can be said that the updating will only
cause the stored depth value to increase (if at all). On this
basis, the depth testing circuitry according to the present
techniques is configured to use the stored update indication
to modify the depth comparison function associated with a
current graphics fragment under consideration to allow it to
perform early depth testing even though there are possible
updates to the stored depth value pending. For example, in
the above mentioned example where the depth comparison
function seen is given by “is greater than” and therefore the
update indication will show that the stored depth value may
increase, the depth testing circuitry is configured to modify
the depth comparison function associated with a newly
received graphics fragment to allow for the fact that the
stored depth value might be valid as it is or might increase.

There can remain situations when the early depth testing
according to the present techniques do not allow a conclu-
sion to be drawn as to whether the newly received graphics
fragment will indeed be obscured or not, for example
because the range of values which remain possible for the
stored depth value do not allow a decision with respect to
obscuration to be made. Nevertheless, it has been found that
an improvement in performance results due to those cases
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where the present techniques do allow a decision to be made,
in particular where whatever the update that is finally made
to the stored depth value the current graphics fragment
would always be obscured and therefore further processing
with respect to this graphics fragment can be abandoned. If
such a graphics fragments would, in the prior art, have
entered the rendering circuitry (shader pipeline), significant
data processing effort would have been expended before it
was later determined that this data processing had been
unnecessary.

In some embodiments the apparatus comprises a depth
value storage unit configured to store a plurality of depth
values and the depth testing circuitry is configured to store
update indications for each of the plurality of depth values.
Thus the apparatus may comprise a depth value storage unit,
for example arranged as a buffer in an area of memory
provided for this purpose, in which a plurality of depth
values are stored. As mentioned above, the stored depth
values are associated with the display locations of the
graphics fragments and therefore a typical arrangement in
this embodiment is for the depth value storage unit to store
a depth value corresponding to each display location. In this
embodiment the depth testing unit circuitry is configured to
store update indications for each of those depth values/
display locations. This then enables the depth testing cir-
cuitry to determine a possible change direction for each of
the plurality of depth values/display locations.

In some embodiments the apparatus comprises a depth
value storage unit configured to store a plurality of depth
values and the depth testing circuitry is configured to store
a single update indication for the plurality of depth values.
Investigation of the present techniques has found that com-
parable performance improvement may be obtained when
only a single update indication is stored by the depth value
storage unit for the plurality of depth values by the depth
value storage unit. This is understood to be due to the fact
that the depth comparison function which accompanies the
graphics fragment received by the depth testing circuitry
rarely changes within a given processing session and is
therefore likely to be the same for many if not all of the
encountered graphics fragments. This embodiment has the
further advantage that less storage provision (in fact only
sufficient storage for a single update indication) needs to be
provided within the depth testing circuitry and significant
valuable circuitry area (for example within the context of a
contemporary system-on-chip device) is not consumed.

In some embodiments the apparatus is configured to
subdivide a display frame into a plurality of tiles and is
configured to process graphics primitives for display on a
tile-by-tile basis, wherein the depth testing circuitry is
configured to store the update indication for each tile pro-
cessed by the apparatus. Tile based graphics processing is a
common configuration for contemporary graphics process-
ing systems and the depth testing circuitry may therefore, in
such an arrangement, be configured to have depth value
storage corresponding to a tile’s display area and in this
embodiment the depth testing circuitry may store a single
updated indication for each tile. As mentioned above, the
depth comparison function may change relatively infre-
quently and therefore it has been found that storing a single
update indication corresponding to each tile allows an
advantageous balance to be struck between performance
improvement and required additional storage. In one
embodiment the depth testing circuitry is configured to reset
the update indication after each tile processed by the appa-
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ratus. This therefore allows each tile processed by the
apparatus to be handled entirely independently with respect
to the early depth testing.

In some embodiments the depth testing circuitry is con-
figured to store the update indication for each display frame
processed by the apparatus. Such an embodiment is for
example applicable to a configuration in which the apparatus
is configured in an “immediate” mode of graphics process-
ing wherein graphics primitives are fully processed (raster-
ized and rendered) as they are received. In such an embodi-
ment it may be found to be unlikely for the depth
comparison function accompanying each graphics fragment
to change within the course of each display frame and
therefore a single update indication for each display frame
may suffice to bring performance improvement.

In some embodiments the depth testing circuitry is con-
figured to reset the update indication after each display
frame processed by the apparatus. This thus enables the
depth testing circuitry to treat each display frame individu-
ally as regards the early depth testing.

In some embodiments the depth testing circuitry is con-
figured to reference a pending update indication to deter-
mine if updating of the stored depth value associated with
the display location for the selected graphics fragment can
subsequently occur, and

wherein the depth testing circuitry is configured only to
use the possible change direction shown by the update
indication to modify the depth comparison function if the
pending update indication shows that the updating can
subsequently occur. Keeping track of whether updating of
the stored depth value associated with the display location
for the graphics fragment currently under consideration thus
enables the testing circuitry to only modify the depth com-
parison function associated with the current graphics frag-
ment if it is known that the updating of the stored depth
value could subsequently occur.

The pending update indication could be derived from a
number of sources. For example, in one embodiment the
pending update indication is stored within the depth testing
circuitry. The depth testing circuitry may therefore in such
an embodiment be configured to maintain a record of
whether a graphics fragment has passed through the depth
testing circuitry for which updating of the corresponding
stored depth value could occur. In another embodiment the
pending update indication is stored within the rendering
circuitry. It is within the rendering circuitry that the further
graphics processing with regard to the graphics fragment is
taking place and it may therefore be constructionally advan-
tageous for the pending update indication to come from this
source. For example, the depth testing circuitry may be
configured to query the rendering circuitry with regard to a
specified display location and the rendering circuitry may be
configured to respond with an indication (i.e. a pending
update indication) showing whether it is currently process-
ing a graphics fragment at that display location.

The pending update indication may be stored at a range of
granularities, but in one embodiment the pending update
indication is stored per display location.

In some embodiments the depth testing circuitry is con-
figured to reset the update indication when the rendering
circuitry is not performing rendering operations. When the
rendering circuitry is not performing rendering operations,
i.e. when the shader pipeline is empty, there can be no depth
value updates pending and therefore this represents a prac-
tical opportunity to reset the update indication.

In some embodiments modifying the depth comparison
function to allow for updating of the stored depth value
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comprises treating the stored depth value as a boundary of
a range of depth values. For example, where the depth
comparison function associated with the graphics fragment
which may cause updating of the stored depth value is given
by “is greater than” or “is less than”, it can be known that
the stored depth value represents a boundary of a range of
possible depth values which the stored depth value may take
after that updating has completed.

In some embodiments the depth testing circuitry is con-
figured to store the update indication to show that the stored
depth value will not be changed by the rendering operations.
The update indication can therefore be configured to indicate
that the stored depth value is correct, this situation arising in
the event that no updates are pending or for example where
the depth comparison function has always been “is equal to”
(which therefore cannot affect the stored depth value).

In some embodiments the depth testing circuitry is con-
figured to store the update indication to show that the
rendering operations do not allow the depth testing to be
performed. For example, it may be the case that the depth
comparison functions encountered have switched from “is
less than” to “is greater than”, or for example that the depth
comparison function may have been “is not equal to”,
meaning that the pending updates could change the stored
depth value in either direction, meaning that no early depth
testing can be performed.

In some embodiments the updating of stored depth values
is carried out by further depth testing circuitry which follows
the rendering circuitry. It should be appreciated that this
“following” corresponds to the order in which items are
processed in the graphics pipeline and not necessarily to the
physical arrangement of separate components in the pipe-
line. In other words, this “late” depth testing circuitry may
well be provided by the same physical component as the
“early” depth testing circuitry. Moreover it should be under-
stood that although it is the processing of the rendering
circuitry which causes the updating of the relevant stored
depth values (e.g. by determining the depth values for given
graphics fragments), in such embodiments it is the further
depth testing circuitry which actually updates those stored
depth values.

It will be appreciated that the update indication could take
a variety of forms, but in one embodiment the depth testing
circuitry is configured to store the update indication as a
2-bit value. A 2-bit value has been found to provide an
advantageous compromise between the required storage
space and the amount of information this can represent. For
example, the four different states which can be represented
by a 2-bit value can be used to represent that: the stored
depth value is correct; the stored depth value could decrease;
the stored depth value could increase; or the stored depth
value could change in either direction (i.e. increase or
decrease).

FIG. 1 schematically illustrates at a high level the main
processing steps which are performed in a graphics process-
ing system which receives graphics primitives and ulti-
mately turns these into display output. The graphics primi-
tives first enter a rasterization stage 10, which essentially
takes the polygons of the graphics primitives (represented in
a vector format) and converts these into corresponding pixel
data. These pixel data are then passed beyond the rasteriza-
tion stage in the form of graphics fragments, which may for
example correspond to individual (or small collections of)
pixels. Each graphics fragment may have various items of
further information associated with it, for example which
allow the graphic fragment to be correctly shaded in the
shader pipeline 14. One particular additional item of infor-
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mation which may be associated with a graphics fragment is
a depth comparison function, which enables the determina-
tion to be made as to whether the graphics fragment will be
obscured in the final display by at least one other graphics
fragment.

FIG. 2 schematically illustrates a simple example, show-
ing how some graphics fragments may be obscured in the
final display. In the example shown in FIG. 2, in the full
display area 30 there are shown 2 polygons (in this example
triangles) 32 and 33. The triangles 32 and 33 substantially
overlap and thus (assuming the front most triangle is fully
opaque) the portion of the rear most triangle which is
covered by the front most triangle will be obscured in
display. Accordingly, in an example such as this, the graph-
ics fragments which make up each of the triangles 32 and 33
may have an associated depth comparison function which
indicates “is greater than”. This indicates that for the pur-
poses of depth testing, a graphics fragment should “pass”
(i.e. continue through the graphics processing pipeline) if the
Z (i.e. depth) value associated with the graphics fragment is
greater than any Z values which the pipeline has already
encountered for this display position in this display frame.
Taking the example shown in FIG. 2, where the overlap
portion 36 of triangle 33 is intended to lie behind the triangle
32, the associated depth comparison functions and depth
values for the graphics fragments which make up this
overlap portion 36 will indicate to the graphics processing
pipeline that the overlap portion 36 of triangle 33 will be
obscured by the graphics fragments of triangle 32 which
cover the same display locations as the overlap portion 36.
In the event that the triangle 34 enters the graphics process-
ing pipeline after the triangle 32 has already passed through,
processing associated with the graphics fragments represent-
ing the hidden portion 36 of triangle 33 may therefore be
abandoned, because it is known that these will never be
displayed.

Referring back to FIG. 1, it can be seen that the first stage
encountered by the graphics fragments generated by the
rasterization stage 10 is the early depth testing stage 12. In
the example discussed above with reference to FIG. 2 of
triangles 32 and 33 being fully opaque, and where it is
already known after the rasterization stage 10 that these
triangles are fully opaque, it is the early depth testing stage
12 which can test the graphics fragments of the two triangles
and in particular can “cull” the graphics fragments in the
overlap area 36 which it is known will be obscured in
display. As in clear however from the above discussion, the
culling of graphics fragments in the early depth testing stage
12 is therefore generally reliant on the relevant Z (i.e. depth)
values being available for the early depth testing stage 12 for
this determination to be made. As illustrated in FIG. 1, the
early depth testing stage 12 has access to depth value buffers
18 in which a depth value stored for the current display
location under consideration can be referenced, this depth
value indicating the depth value of the front-most graphics
fragment (or more generally the depth value of the graphics
fragment which should be displayed) which has yet been
encountered for this display location.

Such conventional early depth testing may not always be
possible, in particular where the depth value for a given
display location stored in the depth value buffers 18 can be
updated as a result of the rendering stage 14 (also known as
the shader pipeline). This can for example be the case where
the opacity of a given graphics fragment is not finally
determined until it has passed through the shader pipeline
14, for example where the shader pipeline 14 performs an
alpha (transparency) test on the graphics fragment. For this
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reason the late depth testing stage 16 is provided which can
perform the determination of which graphics fragment will
be visible and which will be obscured once the full rendering
process has completed. Note that the late depth testing stage
16 and the early depth testing stage, being functionally very
similar, may be provided by a single physical unit which
performs depth testing at both stages. Thereafter, the graph-
ics fragments which are determined to be visible are accu-
mulated in the tile buffers 20 (since this example embodi-
ment is a tile-based graphics processing system) from where
they are then output for display. FIG. 3 gives a schematic
overview of the constitution of a “tile”, this being repre-
sented by a block of 16x16 pixels as shown by item 40 in
FIG. 3. Each tile 40 is sequentially subdivided down to 2x2
blocks of pixels known as “quads™ 42. In the embodiments
discussed herein, a “quad” 42 represents the smallest pro-
cessing entity within the graphics processing system and
thus the granularity of the graphic fragments which are
passed from the rasterization stage 10 into the remainder of
the graphics processing pipeline.

It should be noted however, that the early depth testing
unit 12 (see FIG. 1) of the embodiment described here is not
limited to only be able to perform depth testing if the
relevant depth value stored in the depth value buffers 18 is
known to be the final depth value for that display location.
In other words, the early depth testing unit 12 is configured
to be able to perform some early depth testing even if it is
known that updates to the relevant depth value in the depth
value buffers 18 are pending. Further detail of the early
depth testing unit 12 is now described with reference to FIG.
4 to explain this.

Early depth testing unit 12 operates under the general
control of control unit 50. As discussed above, the early
depth testing unit 12 receives graphics fragments generated
by the rasterization process, and in particular each graphics
fragment has an associated depth comparison function. For
the purposes of the present description these are illustrated
in FIG. 4 as being two separate inputs to the early depth
testing unit, but it will be understood by those skilled in the
art that the particular format in which this information is
received can vary. In the situation where “normal” early
depth testing is possible, i.e. where there are no pending
updates for the stored 7Z value at the relevant display
location, the control unit 50 is configured to retrieve the
stored depth value for the relevant display location for a
received graphics fragment from the depth value buffer 18
and to pass the depth comparison function received in
association with the current graphics fragment unit to the
depth comparison unit 52 along with the retrieved stored
depth value. The depth comparison unit 52 can then indicate
to the control unit 50 if the graphics fragment passes or fails
the early depth testing. When the graphics fragment fails, the
control unit 50 is configured to prevent further processing
being carried out with respect to this graphic fragment. In
particular the graphics fragment is not passed further in the
pipeline (i.e. to shader pipeline 14).

Early depth testing unit 12 is however also figured to be
able to perform early depth testing when updates to the depth
values stored in the depth value buffer 18 are pending.
Firstly, the control unit 50 is able to determine if there are
pending depth value (Z) updates with respect to the relevant
display location. FIG. 4 schematically illustrates that this
information is retrieved from information source 58 in the
shader pipeline 14. Since the shader pipeline needs to know
the display location for each processing thread which is
currently active in the shader pipeline, this information is in
principle available in the shader pipeline anyway and the
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shader pipeline 14 can be configured to respond to an
enquiry by the control unit 50 regarding whether processing
is currently being carried out for a specified display location.

When the control unit 50 determines with respect to this
pending 7 updates information 58 that one or more updates
are pending for the display location of the current graphics
fragment under consideration, it is configured to refer to the
update storage 54 to determine what is known about the
nature of those updates. Update storage 54 is configured in
this embodiment to store 2 bits of information per processed
tile, these 2 bits being updated on the basis of the depth
comparison functions which the control unit 50 has seen in
association with the graphics fragment(s) for which depth
value updates are (were) pending. Note that whilst the
update storage 54 is within the early depth testing unit 12 in
the illustrated embodiment, it could also be stored elsewhere
in the apparatus.

FIG. 5 sets out a conversion table which is used by the
control unit 50 to translate the depth comparison function
seen in association with a graphic fragment for which Z
updates are pending and the 2-bits of information which are
stored in the update storage 54 as a result. In dependence on
the 2-bits of information which the control unit 50 finds to
be held in the update storage unit 54 the depth comparison
function associated with the current graphics fragment may
be modified and the depth comparison unit 52 may perform
early depth testing with respect to the current graphics
fragment of the basis of that modified depth comparison
function. Further detail of when this does and does not
happen is described with reference to the steps set out in
FIG. 7.

Firstly though the general interpretation of the stored
update indication is set out in the table of FIG. 6. Where the
stored update indication is 00, this indicates that the stored
depth value for the relevant display location in the depth
value buffer 18 is correct, i.e. will not change as a result of
any pending updates associated with this display location.
This may be due to the fact that there are simply no updates
pending, or could be because the depth comparison func-
tions seen thus far have always been “is equal to” (which
will thus not cause any update to the stored depth value).

If the stored update indication is 01, this indicates that the
stored depth value for the relevant display location may be
decreased by the pending updates. In this situation the
control unit 50 is configured to modify the depth comparison
function associated with the current graphics fragment to
allow the current graphics fragment to pass early depth
testing if its associated depth value is less than or equal to
the currently stored depth value for this display location in
depth value buffer 18, since it is already known that the
pending updates for this display location will only decrease
the stored depth value (Z buffer value). In other words, the
current graphics fragment will only fail the early test if its
associated depth value is greater than the currently stored
depth value.

Conversely if the stored update indication is 10 this
indicates that the stored depth value for the relevant display
location may be increased by the pending updates. In this
situation the control unit 50 is configured to modify the
depth comparison function associated with the current
graphics fragment to allow the current graphics fragment to
pass early depth testing if its associated depth value is
greater than or equal to the currently stored depth value for
this display location in depth value buffer 18, since it is
already known that the pending updates for this display
location will only increase the stored depth value (Z buffer
value). In other words, the current graphics fragment will
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only fail the early test if its associated depth value is less
than the currently stored depth value.

Finally, if the stored update indication is 11 this indicates
that the Z buffer value could change in either direction, for
example because the depth comparison functions seen may
be have switched from “is less than” to “is greater than” (or
vice versa), or because a depth comparison function “is not
equal to” has been seen (which could cause any updating of
the stored value). Early depth testing is then not possible and
the control unit 50 is configured to allow this graphics
fragment to pass further into the shader pipeline 14.

FIG. 7 schematically illustrates a sequence of steps which
may be taken by the early depth testing unit 12. The flow
begins at step 60 where the processing of a new tile begins.
The stored update indication held by update storage 54 is
maintained on a per-tile basis and accordingly when the
processing of a new tile begins, at step 61 the stored update
indication is reset to 00. Then at step 62 the next graphics
fragment and its associated depth comparison function
(DCF) are received by the early depth testing unit 12 and in
particular by the control unit 50. The control unit 50 converts
the received depth comparison function at step 63 into a
corresponding 2-bit value (according to the conversions set
out in FIG. 5). This is termed the current update indication.
At step 64 it is then determined if early depth (Z) testing is
possible. There are several reasons why early depth testing
may not be possible, for example the Z value associated with
this graphics fragment may not be available. This graphics
fragment then itself represents a graphics fragment which
will enter the shader pipeline and for which Z updates will
be pending. Accordingly, when this graphics fragment enters
the shader pipeline 15 the pending Z updates 58 will be
updated accordingly. There are however other reasons why
early Z testing may not be possible, for example if the early
depth testing unit 12 is currently overloaded, a required
stencil value is not available, or if information accompany-
ing the graphics fragment indicates that early depth testing
should not be performed. In any of these cases when early
Z testing is not possible the flow proceeds to step 65 where
the current update indication is stored in update storage 54
as the stored update indication, unless (see box 80 in FIG. 7)
it is known that this graphics fragment will not cause
pending Z updates, which could for example occur at this
point in the flow diagram if depth updates for the current
graphics fragment are disabled. No early depth testing is
then performed (step 66) and the flow proceeds to step 67
where it is determined if another graphics fragment is
available for processing in the current tile. If it is then the
flow proceeds to step 62, whereas if it is not then the flow
proceeds to step 60 with the beginning of the next tile.

If however it is determined at step 64 that early Z testing
is possible then the flow proceeds to step 68 where it is
determined if Z updates are currently pending for the display
location of this graphics fragment (i.e. with reference to the
pending Z updates 58). If there are no Z updates pending
then “normal” early depth testing can be performed (step 69)
using the associated depth comparison function. The graph-
ics fragment is then either allowed to proceed to the shader
pipeline 14 or is culled depending on the outcome of that
early depth test. The flow then proceeds to step 70 where it
is determined if there is another graphics fragment available
for processing in the current tile. If there is the flow proceeds
to step 62 and if there is not the flow proceeds to step 60 with
the beginning of the next tile. If however at step 68 it is
determined that Z updates are pending with respect to the
relevant display location for the current graphics fragment,
it is then determined at step 71 if the stored update indication
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is 11. If it is then this indicates that no early depth testing is
possible and the flow proceeds to step 66 and from there to
step 67 (as described above).

If the stored indication is not 11, then at step 72 it is
determined if the stored update indication is 00. If it is then
this indicates that the pending Z updates cannot change the
depth value currently stored in the depth value buffer 18 for
this display location and at step 73 the current update
indication (determined for this graphics fragment) is stored
as the stored update indication in update storage 54. As
above with respect to step 65, this is unless (see box 80 in
FIG. 7) it is known that this graphics fragment will not cause
pending Z updates, which could for example occur if depth
updates for the current graphics fragment are disabled. As
another example, in a variant of the ordering illustrated in
FIG. 7, if step 69 were to be performed before step 73, then
if the current graphics fragment were to be culled by the
early depth test of step 69, then the current update indication
need not be stored as the stored update indication. However
in the variant illustrated in FIG. 7, after step 73 the flow
proceeds to step 69 where early depth testing is performed
using the associated depth comparison function for this
graphics fragment. The flow then proceeds to step 70 to
determine if there is another graphics fragment available for
the processing in the current tile.

If however at step 72 it is determined that the stored
update indication is not 00 (meaning that it must be 01 or
10), the flow proceeds to step 74, where it is determined if
the current update is the same as the stored update indication
or if the current update indication is 00. These possibilities
indicate that the current graphics fragment and its associated
depth comparison function do not represent a change in
comparison direction for the depth comparison. If however
the answer at step 74 is negative then the flow proceeds to
step 75—the depth comparison function has changed such
that early depth testing is not possible. 11 is then stored as
the stored update indication, also preventing further early
depth testing from being carried out, unless (box 80 in FIG.
7) it is known that this graphics fragment will not cause
pending Z updates, which could for example occur at this
point in the flow diagram if depth updates for the current
graphics fragment are disabled. The flow then proceeds (as
described above) via step 66 and 67.

If however the answer at step 74 is positive then the flow
proceeds to step 76 where the control unit 50 modifies the
depth comparison function associated with the current
graphics fragment such that the depth comparison unit 52
performs a comparison against a range of values bounded by
the stored depth value (retrieved from depth value buffer
18). Then at step 77 early depth testing is performed using
the modified depth comparison function. In other words, if
the current and stored updated indications show 01 then it is
known that the stored depth value represents an upper limit
on the depth value which will finally be determined for this
display location and the depth value for the current graphics
fragment can be compared against the range of values
bounded by the stored depth value as an upper limit.
Conversely if the stored update indication and current indi-
cation are 10 then is known that the stored depth value can
only be increased by the pending updates and the depth
comparison function can be modified to compare against a
range of values in which the stored depth value represents a
lower limit on the final depth value which will be alternately
determined for this display location. From step 77 the flow
proceed to step 70 (as described above) to determine if
another graphics fragment is available for processing in the
current tile.



US 9,454,844 B2

13

Although a particular embodiment has been described
herein, it will be appreciated that the invention is not limited
thereto and that many modifications and additions thereto
may be made within the scope of the invention. For example,
various combinations of the features of the following depen-
dent claims could be made with the features of the indepen-
dent claims without departing from the scope of the present
invention.

The invention claimed is:

1. An apparatus for processing graphics primitives for
display, comprising, in sequence: rasterization circuitry,
depth testing circuitry and rendering circuitry,

the rasterization circuitry configured to perform rasteriza-

tion operations on the graphics primitives to generate
graphics fragments;

the depth testing circuitry configured to perform depth

testing with respect to a selected graphics fragment of
the graphics fragments to determine if the selected
graphics fragment would be obscured by at least one
other graphics fragment when displayed by comparing
a depth comparison function and a depth value asso-
ciated with the selected graphics fragment with a stored
depth value associated with a display location for the
selected graphics fragment; and

the rendering circuitry configured to receive the graphics

fragments and to perform rendering operations on the
graphics fragments,
wherein the depth testing circuitry is configured to sup-
press the rendering operations with respect to the
selected graphics fragment if the depth testing indicates
that the selected graphics fragment would be obscured,

wherein the rendering operations performed by the ren-
dering circuitry cause updating of stored depth values
associated with display locations for at least some
graphics fragments,

wherein the depth testing circuitry is configured to store

an update indication in dependence on a received depth
comparison function, wherein the update indication
shows a possible change direction due to the updating
for a stored depth value which depends on that received
depth comparison function, and

wherein the depth testing circuitry is configured to per-

form the depth testing with respect to the selected
graphics fragment using the possible change direction
shown by the update indication to modify the depth
comparison function to allow for the updating of the
stored depth value by the rendering operations.

2. The apparatus as claimed in claim 1, wherein the
apparatus comprises a depth value storage unit configured to
store a plurality of depth values and the depth testing
circuitry is configured to store update indications for each of
the plurality of depth values.

3. The apparatus as claimed in claim 1, wherein the
apparatus comprises a depth value storage unit configured to
store a plurality of depth values and the depth testing
circuitry is configured to store a single update indication for
the plurality of depth values.

4. The apparatus as claimed in claim 3, wherein the
apparatus is configured to subdivide a display frame into a
plurality of tiles and is configured to process graphics
primitives for display on a tile-by-tile basis, wherein the
depth testing circuitry is configured to store the update
indication for each tile processed by the apparatus.

5. The apparatus as claimed in claim 4, wherein the depth
testing circuitry is configured to reset the update indication
after each tile processed by the apparatus.
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6. The apparatus as claimed in claim 3, wherein the depth
testing circuitry is configured to store the update indication
for each display frame processed by the apparatus.

7. The apparatus as claimed in claim 6, wherein the depth
testing circuitry is configured to reset the update indication
after each display frame processed by the apparatus.

8. The apparatus as claimed in claim 1, wherein the depth
testing circuitry is configured to reference a pending update
indication to determine if updating of the stored depth value
associated with the display location for the selected graphics
fragment can subsequently occur, and

wherein the depth testing circuitry is configured only to

use the possible change direction shown by the update
indication to modify the depth comparison function if
the pending update indication shows that the updating
can subsequently occur.

9. The apparatus as claimed in claim 8, wherein the
pending update indication is stored within the depth testing
circuitry.

10. The apparatus as claimed in claim 8, wherein the
pending update indication is stored within the rendering
circuitry.

11. The apparatus as claimed in claim 8, wherein the
pending update indication is stored per display location.

12. The apparatus as claimed in claim 1, wherein the
depth testing circuitry is configured to reset the update
indication when the rendering circuitry is not performing
rendering operations.

13. The apparatus as claimed in claim 1, wherein modi-
fying the depth comparison function to allow for updating of
the stored depth value comprises treating the stored depth
value as a boundary of a range of depth values.

14. The apparatus as claimed in claim 1, wherein the
depth testing circuitry is configured to store the update
indication to show that the stored depth value will not be
changed by the rendering operations.

15. The apparatus as claimed in claim 1, wherein the
depth testing circuitry is configured to store the update
indication to show that the rendering operations do not allow
the depth testing to be performed.

16. The apparatus claimed in claim 1, wherein the updat-
ing of stored depth values is carried out by further depth
testing circuitry which follows the rendering circuitry.

17. The apparatus as claimed in claim 1, wherein the
depth testing circuitry is configured to store the update
indication as a 2-bit value.

18. A method of processing graphics primitives for dis-
play, comprising, in sequence: a rasterization step, a depth
testing step and a rendering step,

the rasterization step comprising performing rasterization

operations on the graphics primitives to generate graph-
ics fragments;

the depth testing step comprising performing depth testing

with respect to a selected graphics fragment of the
graphics fragments to determine if the selected graphics
fragment would be obscured by at least one other
graphics fragment when displayed by comparing a
depth comparison function and a depth value associated
with the selected graphics fragment with a stored depth
value associated with a display location for the selected
graphics fragment; and

the rendering step comprising receiving the graphics

fragments and to perform rendering operations on the
graphics fragments,

wherein the depth testing step is configured to suppress

the rendering operations in the rendering step with
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respect to the selected graphics fragment if the depth
testing indicates that the selected graphics fragment
would be obscured,

wherein the rendering operations cause updating of stored
depth values associated with display locations for at
least some graphics fragments,

wherein the depth testing step comprises storing an update
indication in dependence on a received depth compari-
son function, wherein the update indication shows a
possible change direction for a stored depth value
which depends on that received depth comparison
function, and

wherein the depth testing in the depth testing step is
performed with respect to the selected graphics frag-
ment using the possible change direction shown by the
update indication to modify the depth comparison
function to allow for updating of the stored depth value
by the rendering operations.

19. An apparatus for processing graphics primitives for

display, comprising, in sequence:

means for performing rasterization operations on the
graphics primitives to generate graphics fragments;

means for performing depth testing with respect to a
selected graphics fragment of the graphics fragments to
determine if the selected graphics fragment would be
obscured by at least one other graphics fragment when
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displayed by comparing a depth comparison function
and a depth value associated with the selected graphics
fragment with a stored depth value associated with a
display location for the selected graphics fragment; and

means for performing rendering operations on the graph-
ics fragments,

wherein the means for performing depth testing is con-
figured to suppress the rendering operations by the
means for performing rendering with respect to the
selected graphics fragment if the depth testing indicates
that the selected graphics fragment would be obscured,

wherein the rendering operations cause updating of stored
depth values associated with display locations for at
least some graphics fragments,

wherein the means for performing depth testing is con-
figured to store an update indication in dependence on
a received depth comparison function, wherein the
update indication shows a possible change direction for
a stored depth value which depends on that received
depth comparison function, and

wherein the depth testing is performed with respect to the
selected graphics fragment using the possible change
direction shown by the update indication to modify the
depth comparison function to allow for updating of the
stored depth value by the rendering operations.
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